The use of poly(ethylene glycol) hydrogels to investigate the impact of ECM chemistry and mechanics on smooth muscle cells.
Hydrogels based on poly(ethylene glycol) (PEG) are of increasing interest for regenerative medicine applications and are ideal materials to direct cell function due to the ability to confer key functionalities of native extracellular matrix (ECM) on PEG's otherwise inert backbone. Given extensive recent evidence that ECM compliance influences a variety of cell functions, PEG-based hydrogels are also attractive due to the ease with which their mechanical properties can be controlled. In these studies, we exploited the chemical and mechanical tunability of PEG-based gels to study the impact of ECM chemistry and mechanics on smooth muscle cells (SMCs) in both 2-D and 3-D model systems. First, by controlling the extent of crosslinking and therefore the mechanical properties of PEG-based hydrogels (tensile moduli from 13.7 to 423.9kPa), we report here that the assembly of F-actin stress fibers and focal adhesions, indicative of the state of actin contractility, were influenced by the compliance of 2-D PEG gels functionalized with either short adhesive peptides or full-length ECM proteins. Varying ECM ligand density and identity independent of gel compliance affected the physical properties of the focal adhesions, and also influenced SMC spreading in 2-D. Furthermore, SMCs proliferated to a greater extent as gel stiffness was increased. In contrast, the degree of SMC differentiation, which was qualitatively assessed by the extent of smooth muscle alpha-actin bundling and the association of calponin and caldesmon with the alpha-actin fibrils, was found to decrease with substrate stiffness in 2-D cultures. In 3-D, despite the fact that their viability and degree of spreading were greatly reduced, SMCs did express some contractile markers indicative of their differentiated phenotype when cultured within PEG-RGDS constructs. Combined, these data suggest that the mechanical and chemical properties of PEG hydrogels can be tuned to influence SMC phenotype in both 2-D and 3-D.